Objective: To accurately measure AIDS-related mortality relative to other causes and its impact on life expectancy in Brazzaville, Congo.
Introduction
As of December 1997, UNAIDS estimated that 20.8 million people were infected with HIV in Sub-Saharan Africa [1] . Even if these broad estimates suggest that AIDS should have a strong impact on mortality, we still have little direct information on its contribution relative to other diseases and its impact on life expectancy.
The epidemic's impact on mortality has been estimated mathematically [2] [3] [4] [5] [6] . Models, however, depend on a number of variables that are either difficult to measure, such as the duration of the incubation period, or currently unavailable, such as the sex and age-specific prevalence rates in the general population. In Africa, direct enumeration of AIDS deaths from civil registers is also problematic because death registration is often incomplete and declared causes usually unreliable [7] . Hospital-based surveys, which use a more reliable source of data on the causes of death, are not representative of the general population. Prospective cohort studies require a close follow-up of large populations over a relatively long period of time.
In 1990, De Cock and colleagues directly measured the impact of AIDS on mortality in Abidjan (Côte d'Ivoire) using clinical and serological data collected in two of the hospital morgues [8] . This study showed for the first time that AIDS was a leading cause of death in an African city. However, the two morgues were receiving about 60% of all deaths officially reported in the city, consisting mostly of deaths having occurred at hospitals. This bias was also present in a similar study in Kinshasa (Democratic Republic of Congo, formerly Zaïre) in 1987 [9] .
To accurately evaluate the contribution of AIDS to the general mortality in an urban sub-Saharan population with minimal recruitment bias, we assessed, over 30 consecutive days, the causes of death for all bodies delivered in the morgues of Brazzaville where, by law, all corpses must be taken before they can be buried.
Materials and methods
Brazzaville has an estimated population of 850 000 (1996 national census, Ministry of Planification, unpublished data) and an estimated HIV-1 prevalence rate about 5% in the general population of child-bearing age [10, 11] . This rate was confirmed in a survey conducted in November 1996 among women delivering at all of the maternity wards in Brazzaville [5.2%, 79 out of 1523; 95% confidence interval (CI), 4.1-6.3] [12] . From 10 July to 9 August 1996, medical doctors specifically trained in cadaveric examinations followed a standardized procedure to examine all bodies handled by Brazzaville's three morgues. Since close relatives almost always brought the bodies to the morgues, the physician was able to question the family on the clinical signs and symptoms preceding the death and on the circumstances of death. The bodies were examined in the presence of the family upon admission. Signs of AIDS based on the World Health Organization (WHO) definition [13] were systematically searched and recorded. Age and sex data were also obtained.
Admission records in all five city hospitals were methodically checked to identify the cases that had previously been hospitalized. For these cases, investigators collected demographic, clinical and biological data (including HIV test results) from the patients' medical files and from the medical staff. The investigators examining the hospital records had no knowledge of the diagnosis established by the physicians at the morgue.
Causes of mortality were compiled according to the 10th WHO classification and then grouped by major headings [14] . For deaths to be attributed to AIDS, at least one major and one minor criteria of the WHO clinical case definition or Kaposi's sarcoma had to be present at the cadaveric examination or reported by the family. A major sign consisted of severe wasting at examination, report by the family of chronic diarrhea or fever for more than 1 month, while minor signs included lesions from generalized pruritic dermatitis, scars of herpes zoster, oropharyngeal candidiasis, and generalized lymphadenopathy. If these conditions were not met, then deaths could be attributed to AIDS only if in addition to one major sign recorded at the morgue, AIDS, retroviral disease, immunodeficiency or HIV was listed as the cause of death at the hospital.
Since overestimation of the number of AIDS cases was a concern, blood samples were systematically drawn in two of the three morgues to validate the clinical AIDS diagnosis procedure. These coded serum samples were tested for HIV antibodies by indirect enzyme immunoassay (Genelavia Mixt, Diagnostics Pasteur, Paris, France). Samples that tested positive were confirmed by an immunoconcentration assay (Multispot HIV1-HIV2, Diagnostics Pasteur). For political reasons, authorization to collect blood samples in the third morgue was not granted.
To double check the study's completeness, demographic data on all deaths that occurred during the study period and that were declared at the city register office before 31 October 1996 were collected and compared with the demographic data collected at the morgues. To estimate age-specific mortality rates and life expectancies, we needed the age structure of Brazzaville's population in 1996. Of the last three census reports (1974, 1984 and 1996) , only the first two have been published and provide the age and sex distributions of the city's population. The 1996 census established the population of Brazzaville at 850 000. We analysed the natural population growth and the migration profile during the 1974-1984 period. We parameterized the migration profiles and used a oneparameter model life-table, so that the total projected population fitted the total census population. In order to compute life expectancy with and without AIDS, we assumed that AIDS death, as any cause of death, was occurring in an homogeneous population and that AIDS was an additional risk, independent of the other causes. Total mortality was calculated from an abridged life-table based on the decennial mortality rates estimated from the 1-month time interval. Forces of mortality from AIDS and from other causes were deduced from (i) the number of deaths from AIDS (infinitesimal incidence rate) and non-AIDS, (ii) the age structure of the population at risk, and (iii) a simple model of competing risks. Once the pure mortality from non-AIDS causes was estimated, we calculated the resulting life expectancy assuming that this former group of causes was the only cause of death (i.e., if AIDS was not present). In this population, AIDS death was not prevalent after age 65 years. We were therefore able to compute the impact of AIDS mortality independently of other causes of death. It is the probability for a newborn to live to age 65 years or older, if AIDS was the only cause of death. 
Results
During the study period, 804 of the 807 bodies delivered to the city's three morgues were examined. Forty-eight stillbirths were excluded from the analysis. As of 31 October 1996, only 708 (94%) out of 756 deaths relative to the study period were reported to the civil registrar. Amongst the 756 bodies examined at the morgues, 149 AIDS cases were identified (19.7%; 95% CI, 16.8-22.6) . Table 1 summarizes the recruitment data according to the morgues. In morgue C, only two bodies were admitted because the corresponding hospital was in the process of being closed. The proportion of cases that had been hospitalized before death was 51.2% for all causes and 57.7% for the AIDS cases. The family mentioned AIDS as the cause of death in only three cases.
In the two morgues where serology was performed systematically, the proportion of HIV-positive subjects was 26.2% (38 out of 145; 95% CI, 18.9-33.5). Our clinical diagnosis procedure for AIDS was based on a cadaveric examination, an interview with the family and an analysis of the hospital record. It was validated by serological data that only one seronegative case had been classified as having AIDS amongst the 30 clinically diagnosed cases. Amongst the 115 non-AIDS cases on which serology was performed, nine were HIVpositive (7.8%), which was only slightly higher than the prevalence in the living adult population. Amongst these nine cases, the following causes of death were identified: respiratory disease (n = 1), tuberculosis (n = 1), cardiovascular disease (n = 2), gastroenteritis (n = 1), food poisoning (n = 1), and neurological disorders (n = 2). The cause of death for the ninth case was not established. Table 1 shows that the proportion of AIDS death in the two major morgues was very similar (about 20%). Table 3 shows the causes of death for adults (i.e., individuals aged ≥ 15 years). AIDS was the leading cause of mortality for this group, with 25.1% of the cases diagnosed with AIDS (122 out of 487; 95% CI, 21.2-29.0). Other major causes of mortality for adults were cardiovascular diseases (15.4%), external causes (unintentional injuries, homicides and suicides; 9.9%), and respiratory diseases (8.4%). Fig. 1 shows the number of deaths by aggregated cause for each sex. It shows the excess mortality due to AIDS in the 15-55-year age-group. Only three AIDS cases in adults over 55 years (three out of 172, 1.7%) were diagnosed.
The proportion of AIDS cases was almost four times greater among young adult deaths (15-44 years) than in any other age-group (Table 4 ). The proportion of adult women diagnosed with AIDS was significantly higher than that of adult men (30.2 versus 21.0%; P < 0.05; Table 4 ). The age-specific prevalence of AIDS among deceased adults was found to differ according to sex (Fig. 2) . Adult female AIDS patients were on average 8.2 years younger than adult male AIDS patients (P < 0.00001). The median age of adult female AIDS cases was 10 years younger than that of adult male cases (32 versus 42 years; Wilcoxon rank-sum test, P < 0.00001). The overall adult AIDS mortality rate did not differ significantly between sexes, at 2.8 per 1000 for men (95% CI, 2.0-3.5) versus 3.2 per 1000 for women (95% CI, 2.4-4.0). Life expectancy at birth was estimated at 55 years for women and 51 years for men. In the absence of AIDS, life expectancy at birth would be 4.3 years higher for women (95% CI, 3.15-5.5), and 3.3 years higher for men (95% CI, 2.09-4.50). If the prevalence of AIDS deaths actually observed was assumed to be constant in the future and if AIDS was the only cause of mortality, the chances of dying of AIDS before reaching age 65 years would be 18% (95% CI, 13-23) for a newborn boy and 15% (95% CI, 12-29) for a newborn girl.
Discussion
Brazzaville provides an excellent setting for morguebased studies. Nearly all corpses are delivered to a morgue, because burial is authorized only after the family presents the morgue certificate. Since ancestor worship and the perceived need to ensure harmony between the living and the dead require ostentatious funerals, it is highly unlikely for a death to go unnoticed by the authorities [15] . Once the body is buried, however, the family has less of an incentive to declare the death at the civil register, resulting in lower official mortality statistics. The cause of death is not recorded at the civil register for over one-third of cases. However, the mortality data collected at the morgues more accurately reflect the AIDS situation in Brazzaville. The effect of the transfer of terminally ill patients on mortality data is probably negligible. It is possible that, in some cases, some dying patients, including some AIDS cases, left the city to die in their village, where funeral expenses are lower. Conversely, patients from other parts of the country may die in Brazzaville while seeking medical treatment. Indeed, 14 subjects (2%) in the study were not residents of Brazzaville, among whom five died of AIDS.
The clinical AIDS diagnosis procedure used in this study provides conservative figures on the contribution of AIDS to mortality. In only one case was a clinical diagnosis invalidated by a serological result (one out of 107 HIV-negative subjects). It is impossible to quantify a possible underestimation of the number of AIDS cases on the basis of antibody testing, since HIV infection in adults is not by itself a cause of death. The prevalence rate of HIV amongst the non-AIDS cases on which serology was performed (7.8%) was only slightly higher than the prevalence in the living adult population (about 5%). The proportion of AIDS deaths in morgues A and B was very similar, at 19.8 and 19.0%, respectively. This suggests that the post-mortem serology did not lead to an overestimation of AIDS deaths.
In children, particularly in newborns in the 11-month age-group, the number of AIDS cases identified underestimates the true number of AIDS cases, because diagnosis is particularly difficult at this age. HIV-infected infants often die without fulfilling the AIDS case definition [16] . Moreover, paediatric HIV/AIDS is usually associated with failure to thrive, diarrhoea or pulmonary infections, all of which are common causes of infant mortality in non-AIDS children in Brazzaville [17, 18] . Since life expectancy at birth is very strongly influenced by mortality levels in this age-group, the impact of AIDS deaths on life expectancy at birth calculated in this study should therefore be considered as a conservative estimate. The fact that 19.2% of the deaths of young children aged 1-4 years were caused by AIDS indicates that a significant proportion of infants infected perinatally survived their first year of life. The HIV transmission route for the four older children diagnosed with AIDS (one 8-year-old boy and three girls aged 8, 11 and 12 years) is difficult to establish. Since sexual transmission is unlikely, it is possible that these children were long survivors of perinatal transmission, as observed elsewhere [19, 20] . Indeed, the 11-year-old child had an HIV-positive mother, according to the hospital file. Nosocomial transmissions, however, cannot be ruled out. Blood transfusion management in Brazzaville, for instance, is not infallible. In adults, AIDS was the leading cause of death for both men and women. This finding confirms that the impact of AIDS is greatest on the mortality of adults of reproductive and productive ages, as the epidemiological and demographic models of the disease predict [2] [3] [4] [5] [6] . The proportion of AIDS deaths amongst adults in Brazzaville (25%) can be compared with estimates of 15% in Abidjan in 1988 and 1989 [8] and of 42% in Kinshasa in 1987 [9] . In the Abidjan study, the HIV/AIDS epidemic was at an earlier stage, and the Kinshasa study was a hospital-based survey in which the recruitment bias toward AIDS patients probably overestimated the contribution of AIDS to adult mortality. In a cohort study in rural Tanzania, where the prevalence rate in the general population (4%) was close to the rate in Brazzaville (5%), the proportion of deaths attributable to HIV infection was 35% in adults [21] . The authors also found a higher proportion of deaths attributable to HIV in women (41%) compared with men (30%). The same rate (35%) was found among deaths in adults aged 15-59 years in another study in rural Tanzania, again with a higher proportion in women (39%) than in men (30%) [22] . In both Tanzanian studies, however, contrary to our study, all HIV-positive deaths were considered HIV-related.
To analyse gender differences in AIDS mortality, the age structure of the general population needs to be taken into account by comparing age-specific mortality rates. The female AIDS mortality rate in Brazzaville peaked in the 25-34-year age-group at 5.2 per 1000, whereas male AIDS mortality rates were highest in the 35-44 and 45-54-year age-groups at 5.9 and 7.8, respectively (Fig. 2) . Likewise, female AIDS cases were on average 8.2 years younger than male AIDS cases. To our knowledge, gender differences in incubation period and life expectancy after HIV infection have not been documented in Africa. Thus, the most likely explanation for the age differences in AIDS mortality rates between adult men and women is a higher HIV prevalence rate in young women than in men of the same age in the general population. General population prevalence studies in sub-Saharan Africa have shown that HIV prevalence rates among women are higher and peak at earlier ages than among men [23] [24] [25] [26] [27] [28] . The gender difference in age-specific prevalence rates can be explained by women's higher and earlier exposure to HIV infection. Surveys in this region have shown that women are, on average, 5-10 years younger than their partners; as a consequence, young women are sexually more active than men of the same age and thus more at risk of acquiring HIV [23, 27] . Because African women are infected at younger ages than men, and because in Africa younger age-groups are bigger in size, a greater number of women will die of AIDS even in the absence of gender differences in overall HIV prevalence rates.
In conclusion, this study provides a direct measure of AIDS contribution to mortality relative to other causes in an African city, using a rapid, low cost, reliable and straightforward method. This method is also replicable in other cities where corpses are systematically transferred to morgues before burial.
In the case of Brazzaville, the study confirms the demographic and epidemiological models that predicted the disease's dramatic impact on mortality at reproductive and productive ages. It provides strong empirical evidence that young women are exposed to AIDS death at an earlier age than men even in the absence of gender differences in overall HIV prevalence. The impact of AIDS on the life expectancy of women is thus greater than for men.
